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PROBLEM
The original 1957 Gates pile driving formula is an empirically derived dynamic formula 
that is used to predict pile capacity in the fi eld during pile installation. The original Gates 
formula tends to over-predict pile capacity for low driving resistances and under-predict 
pile capacity for high driving resistances. Thus, the Federal Highway Administration 
(FHWA) proposed a modifi ed version of the Gates formula that addressed this 
limitation. The FHWA-modifi ed Gates equation is Rn=1.75√E log (10N) – 100, where 
Rn is the nominal pile resistance (i.e., ultimate pile capacity (kips)), E is the developed 
hammer energy (ft.-lb.), and N is the number of hammer blows for 1 in. of permanent 
set (blows/in.). The Louisiana Department of Transportation and Development (DOTD) 
uses a variation of the FHWA-modifi ed Gates equation, hereinafter referred to as the 
DOTD dynamic formula, to verify the nominal pile bearing resistance in units of tons as 
per the 2006 Louisiana Standard Specifi cations for Roads and Bridges, Section 804.10. 
The DOTD dynamic formula is typically used on smaller projects where static load tests 
and dynamic monitoring are not practical.

The resistance factor (φ) for load and resistance factor design (LRFD) specifi ed by the 
current AASHTO design guide for the Gates equation is 0.40. However, the worst-case 
resistance factor used in DOTD’s static pile capacity design methodologies is 0.50 for 
designs using static equilibrium methods with no fi eld verifi cation. This discrepancy 
penalizes the target pile capacity needed during fi eld observation if the DOTD dynamic 
formula equation is used, which is unreasonable, and has created confusion among 
designers, consultants, district personnel, and inspectors in Louisiana.

The objectives of this research are to recalibrate the FHWA-modifi ed Gates equation 
and update the associated LRFD resistance factor for pile types and local soil conditions 
encountered in Louisiana. This research is consistent with FHWA recommendations 
that “Highway agencies should establish long-term correlations between pile capacity 
predictions from dynamic formulas and static load test results to failure.” Improved 
consistency relative to the current design approaches will be achieved if the updated 
resistance factor matches or exceeds the worst-case resistance factor used by the 
DOTD, which will reduce confusion among users. Updating the resistance factor will 
also serve to increase confi dence in the FHWA-modifi ed Gates equation, refi ne the 
state-of-practice in LRFD, optimize the effi  ciency of the piles, and reduce project 
costs. It may also identify the need for an alternate pile verifi cation approach for small 
projects.
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Another important goal of this research will be to enhance the DOTD’s geotechnical information database by 
linking the historical records to a geographic information system (GIS) platform that visually correlates test results 
with soil types across the state. In this way, DOTD and its consultants will be provided a tool for design, as well as 
a platform for easily adding new information from future projects. The database and GIS platform will be readily 
accessible to a wide group of users and provide signifi cant technical and economic advantages for the geotechnical 
community in Louisiana.

The methodology adopted in this project consists of several steps: compile and interpret relevant pile driving and 
load test data from sites in Louisiana, create a spatial database of the pile-related data that can be imported into 
DOTD’s geotechnical information database, compare the nominal (i.e., predicted) resistance from the FHWA-
modifi ed Gates equation (or DOTD dynamic formula) to observed resistances from static load tests and dynamic 
analyses (e.g., CAPWAP) to assess bias statics, use multivariate regression methods to recalibrate the FHWA-
modifi ed Gates equation so as to reduce the mean and standard deviation of the bias values, use reliability-based 
methods to determine updated values of the LRFD resistance factor for the revised equation, and assess potential 
benefi ts and provide guidelines related to the implementation of the results of this study.

The implementation of this research will impact the method of pile capacity verifi cation for small bridge projects by 
replacing the current DOTD dynamic formula with a Louisiana-calibrated dynamic formula that will have a known 
level of reliability and associated risk. The results of this research will be implemented by updating the Louisiana 
Standard Specifi cations for Roads and Bridges to include the Louisiana-calibrated dynamic formula(s) and will 
include specifi cations on how to properly apply the Louisiana-calibrated dynamic formula(s). Geotechnical design 
reference documents will need to be updated to include the limitations and appropriate use of the Louisiana-
calibrated dynamic formula(s) along with the appropriate resistance factors that should be used in LRFD design 
procedures based on the dynamic formula(s). The project team will provide implementation language for a future 
revision of Section 804.10 of the Louisiana Standard Specifi cations for Roads and Bridges. The implementation of 
a Louisiana-calibrated dynamic formula will aff ect geotechnical designers (in-house engineers and consultants), 
construction fi eld personnel, and the construction headquarters division. The responsibility for the successful 
implementation of the results of this research will rely on the Pavement and Geotechnical Design (Section 67) and 
the Construction Division (Sections 53 and 40).
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